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j DESCRIPTION 
PROBE FOR PROTEIN- PROTEIN INTERACTION ANALYSIS « AND METHOD OF 
USINO IT FOR ANALYSIS OP PROTEIN* PROTEIN INTERACTioiP~* 



TECHNICAL FIELD 

The invention o£ this application relatee to a probe for 
protein*protein interaction analysis, and to a method of using 
such probe for the analysis of protein-protein interactions. 
More precisely, the invention relates to a probe for 
protein-protein interaction analysis and to a method of using 
it for analysis of protein-protein interactions, vhich enables 
accurate and simple analysis of protein-protein interactions 
in all living cells. 
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BACKGROUND ART 

It is well known that protein-protein interactions play 
key roles in structural and functional organization of living 

cells . 

Many unsolved problems currently studied in molecular 
^'^o^logy and biochemistry, such as for gene transcription 
'^sm and intracellular information transmission are 
^-^rotein-proceln Interactions , 

^sproblems in the art of molecular biology and 
^n gradually solved by the development of 
^^reening techniques such as a two -hybrid 
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strategy, in which a library of "target" proteins is screened 
for interaction with "bait" proteins <chien. C. T.. Bartel. P. 
L.. Sternglanz, R.. Fields, S.. Proc. Natl. Acad. Sci . USA 1991, 
88. 9S78-9S82; Fields, S., Song, O. . Nature 1989, 340. 245-246). 
The two-hybrid method facilitates the identification of 
potential protein-protein interactions and has been proposed 
AS an effective method for the generation of protein interaction 
maps (Floras, A., Briand, J. P.. Gadal, o. . Andrau, J. c. Rubbl, 
L., Mullem, V.. Boschiero, C, 6ous8out, M., Marck. C, Carles, 
C, Thuriaus. P.. Sentenac, A., Werner. M.. Proc. NacJ. Acad. 
Sci. V3A X999, 96. 781S-7820; Ito, T.. Tashiro. K. . Muta, S,, 
ozawa, R., Chiba, T. , Nishizawa, M. , Yaroamoto. K.. Kuhara, S.. 
Sakaki, Y., Proc. Nacl. Acad, Sal. USA 1999. 97. 1143-1147; 
walhout, A. J. M., Sordella. R. , Lu, X., Hartley, J. L., Temple. 
G. P., Brasch. M. A., Thierry-Mieg, H., Vidal. M. . Science 2000. 
287. 116-122) . However, the two-hybrid method has a problem 
in that it is applicable only to the detectable protein 
interactions that occur around the reporter gene in cell nuclei, 
but not to any other ordinary protein-protein interactions. 

Another problem with the two-hybrid method is that its 
reliability is low. Therefore, every assay according to the 
method must be followed by an additional confirmation teat using 
proteins of model cells or animals of which the functional data 
are known (Walhout, A. J. M., etal.. Science 1999. 587, 116-122) . 

Given that situation, other protein-protein interaction 
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assay strategies liave been developed. One is a ubiquitin split 
protein sensor (USPS) method which comprises reconstructing 
and C- terminal ubiQuitine through protein-protein interaction, 
followed by activating the nuclear-localized reporter through 
transcription factor cleavage <Dunnwald, M., varshavsky. A., 
Johnsson, N., Mol - Biol. Ceil 1999. 10. 329-344; Johnsson, N., 
Varshavsky, A., Proe. Natl- Acad. Sci . USA 1998. 95, 5187-5192; 
Stagljar. I., Korostensky, Johns son N. . Heesen. 3., Proc. 
Natl. Acad. Sci. USA 1998, 95, 5187-5192); another is an SOS 
recruit system, in which a catalyst domain is brought near to 
an intended membrane localization domain through 
protein-protein interaction thereby reconstructing a guanine 
exchange factor (GEF) or Ras, which then complements yeast 
causing temperature -sensitive mutation in yeast GEF (Aonheim* 
A., Nucleic Adda Res. 1997, 25, 3373-3374; Aronheim, A., Zandi, 
E.. Hennemann, H., Elledge, S- J., Karin, M., Mol. Cell- Biol. 
X9^7, 17, 3094*3102; Broder, Y, Katz« S., Aronheim, A., Curr . 
Biol. 1998, 8, 1121-1124). 

As a more general approach, split enzyme technology has 
been reported (Rossi, F., Charlton, C. A. and Blau. H. M. , Proc. 
Natl. Acad. Sci, USA 1997, S4, 8405-8410; Remy, I-, Michnick. 
S. W. , Proc- NaCl. Acad. Sci. USA 1999, 96, 5394-5399; Pelletier, 
J, N. , Arndt, K. M- , Pluckthun, A. , Michnick, S, W. , Nature Biotech. 
1999, 17, 683-690) . It is said that, according to the method, 
a split enzyme is reconstructed through protein -protein 
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interaction therein, and its enxymatic activity is restored. 
Further, it is said that the activity of the thus -reconstructed 
enzyme can be identified by its cellular phenotype or by its 
fluorescent substrate analogues. 

These various methods produce accurate assay data in some 
degree and are well suited for assaying interactions between 
intracellular proteins and membrane -proximal proceina, however, 
they still contain problems in that they can be applicable to 
only appropriately engineered cells. Another such problem is 
that their accuracy is still unsatisfactory and their sensitivity 
is not sufficient- Still another problem is that such methods 
require different substrates and are therefore troublesome. 

At present, a general method applicable to any protein 
that enables accurate and simple analysis of various 
protein-protein interactions, or an all-purpose probe for such 
method is not known. 

The invention of the present application has been made 
in consideration of the above described situations, and its 
object is to solve the problems of the prior art and to provide 
an all-purpose probe applicable for various protein-protein 
interaction analysis and a method of protein-protein interaction 
analysis using such probe, which enables accurate and simple 
assay of the interaction of proteins. 
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DISCLOSURE OF THE INVENTION 

In order to solve the above-mentioned problems, the 
invention of this application firstly provides a probe for 
analyzing protein-protein interaction between two proteins, 
wherein protein splicing is induced by protein-protein 
interaction, thereby regenerating a physiochemically or 
biochemically detectable protein. 

Secondly, the invention provides the probe for 
protoin-protein interaction analysis, consisting of two probes 
that are: probe a which comprises the N- terminal polypeptide 
of an intein and the H- terminal polypeptide of a labeled protein; 
and probe b which comprises the c- terminal polypeptide of the 
intein and the C- terminal polypeptide of the labeled protein. 
Thirdly, the invention provides the probe for 
protein-protein interaction analysis, wherein the C- terminal 
of probe a and the N- terminal of probe b each contain a linker 
seQuence . 

Fourthly, the present invention provides the probe for 
protein-protein interaction analysis, wherein the intein is an 
endonuclease derived from yeast VMA; and fifthly, the invention 
provides the probe for protein-protein interaction analysis, 
wherein the intein is DnaE derived from cyanobacterium. 

Sixthly, the invention provides the probe for 
protein-protein interaction analysis, wherein the labeled 
protein is a fluorescent protein; and seventhly, the invention 
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provides ttie probe for protoln-proceln interaction analysis, 
wherein the fluorescent protein is a green fluorescent protein 
(GFP) . 

Eighthly/ the Invention provides the probe for 
protein-protein interaction analysis, wherein the labeled 
protein is a emission-catalyzing enzyme; and ninthly, the 
invention provides the probe for protein -protein interaction 
analysis, wherein the emission-catalyzing enzyme is a 
lucif erase . 

Tenthly, the invention provides a method for analyzing 
protein-protein interaction, comprising: making a protein 
linked with probe a as described in claims 2 to 9 and a protein 
linked with probe b as described in claims 2 to 9 coexist in 
a system; and detecting the signal emit ted by the labeled protein. 

Eleventhly. the invention provides the method of 
protein-protein interaction analysis, wherein a polynucleotide 
that expresses the probe of any one of claims 1 to 9 is introduced 
into a eucaryotic cell, thereby making the probe a -linked protein 
and the probe b-linkcd protein coexist in the cell- 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig, 1 shows an example of the structure and functional 
principle of the probe for protein-protein interaction analysis 
of the present invention- Here, (I) shows coexisting two probes ; 
(ID shows protein-protein interaction; (ill) shows protein 
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splicing; and (XV) shows linkage o£ labeled protein. (la) 
Indicates probe a f orprotein-protein interaction analysis; (lb) 
indicates probe b for protein-protein interaction analysis ; (2a) 
indicates the K- terminal polypeptide of an intein; (2b) indicates 
the C- terminal polypeptide of the intein; and (3) indicates a 
labeled protein. Further, Oa) indicates the N- terminal 
polypeptide of the labeled protein; and (3b) indicates the 
C- terminal polypeptide of the labeled protein. (4a) indicates 
protein (or a protein site) A; and (4b) Indicates protein (or 
protein site) B, 

Fig. 2 shows the terminal polypeptide structure of egfp 
in the Example of the present invention, for which the 1124th 
to 112 9th amino acid residues have been replaced. 

Fig. 3 shows the data of SDS-PA6E analysis of proteins 
expressed in coll transformed with pGEX-NVC. Here« lanes 
(a) to (c) are Coomassie Blue-stained SOS-PAGE; lane (a) 
ln4icates the protein molecular mass standard (Movagen) with 
their molecular masses (kOa) ; lane (b) indicates the crude 
extract before purification by GST-affinity column; and lane 

(c) indicates the sample purified by OST-affinity column . Lanes 

(d) and (e) show Western blotting analysis of crude lysate using 
antibodies specific to VDE (d) and to GFP (e) • 

Pig. 4 shows the structure of a plasmid (probe <1> for 
protein-protein interaction analysis) constructed in the 
Example of the present invention. Here, the restriction 
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endonuclease cleavage sites are shown above each bar; the dotted 
lines indicate the endonuclease domain in the intein VDE; the 
op^nbars indicate the intein vde with no endonuclease; the black 
bars indicate Q5T labeling; and the shadowed bars indicate His 
labeling. The lattice patterns indicate a linker; "stop" 
indicates a translation termination codon; and "start" indicates 
a translation initiation codon. 

Fig. 5 shows the data of splicing induced by interaction 
of protein CaM and protein M13 in the Example of the present 
invention. Here, (a) indicates pET-NVCASO (C/M) (SDS-PAOE) ; 
(b) indicates pET-NVCASD (M/C) ; (c) indicates pBT-NVCASD (/) 
gene 1; (d) indicates pET-NVCASD linker (C/M) ; (e) indicated 
pET-NVCASD linker (M/C) ; and (f ) indicates pET-NVCAsD linker 
(/) . (A) shows the data o£ western blotting labeled with 
anti-His; and (B) shows the data of Western blotting labeled 
with anti-GFP. 

Fig. 6 shows the fluorescence spectra of crude products 
from B. coll carrying any of the plasmids (probe <i> for 
protein-protein interaction analysis) constructed in the 
Examples of the present Invention. Excitation is at 470 nm, 
the excitation band width is 5 .0 nm; and the emission band width 
isS.Onm. (a) indicates NVCASD linker (/) ; (b) indicates NVCASD 
(C/M) ; and (c) indicates NVCASP linker (C/M) , 

' Fig. 7 shows the structure of a plasmid used in the Example 
of the present invention. Here, the dotted lines indicate an 
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intracellular riboBome exteln site (IRES); the cDNAs of pLucAll, 
pIiUcN and pLucC are inserted into pcDNA3 .1 (^) ; "stop" and start** 
indicate translation termination and initiacion codons, 
respectively. 

Pig. a shows the emission intensity of £«ucN alone, IjUcC 
alone and LucAll in the Bxample of this invention. 

Fig. 9 shows the insulin- dependent procein splicing 
increase in the Example of this invention. 

Fig. 10 shows the influence of amino acid mutation on 
protein splicing in the Example of this invention. 

Fig . 11 shows the insulin concentration dependency of Lum-F 
emission intensity in the Example of this invention. 

BEdT MODE FOR CARRYING OUT THE INVENTION 

The probe for protein-protein interaction analysis of the 
present invention is baaed on the principle that the interaction 
Of two proteins each linked to the probes induces splicing thereby 
regenerating the labeled protein split and attached to the two 
probes, to emit a signal. 

Protein splicing is a process wherein the inirernal protein 
segment (intein) is excised from a translated protein » In this 
process, the excision of inteina is accompanied by the ligation 
of flanking seczuences (exteins) (Qimble^ F. Sci- Biol. 1998, 
5, R251-256) , 

The probe for protein-protein interaction analysis of the 
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present Invencion Is provided by ingeniously applying tlie 
self -excision of inteins to protein-protein interaction 
analysis. 

I In other words , the probe for protein-protein interaction 
an4lyeis of the present invention consist of two probes a and 
b dach separately connected to two different proteins. Pig. 
1 is a schematic representation of the principle of the probe 
for protein-protein interaction analysis of the present 
invention . 

Of the two probes a (la) and b (lb) , probe a (la) contains 
the N- terminal polypeptide of an intein (2a) and the terminal 
polypeptide of a labeled protein (3a); and probe b (lb) containa 
Che C- terminal polypeptide of the Intein (2b) and the terminal 
polypeptide of the labeled protein (3b) . 

The two probes a (la) and b (lb) are separately connected 
to the respective proteins A (4a) andB (4b) for which interaction 
is toba analyzed, to detect the protein A-protein B interaction. 
Hence « when protein A (4a) and protein B (4b) each connected 
to probe a (la) and probe b (lb) , respectively, coexist (I) and 
when the two proteins (4a, 4b) Interact with each other (II) , 
the intein (2) is excised through splicing (III) . Aa a result, 
the labeled protein sites Oa, 3b) bonded to the intein (2) are 
ligated (IV) , thereby enabling the confirmation of the 
protein-protein interaction through detection of the signal 
resulting from the labeled protein (3) . 
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In this process^ if protdln A (4a) does not Interact with 
proteins {4b) , splicing of inteln (III) does not occur ; therefore, 
the labeled protein (3) is not regenerated (IV) and is not 
detectable. 

For the probe for proteln-proteln interaction analysis 
of |the present invention, probes a and b (la and lb) may each 
be composed of the intein polypeptide and the labeled protein 
polypeptide, but may contain other parts suchas a linker seouence. 
Accordingly, inprobes a andb (laandlb) , the Inteinpolypeptldes 
(2a, 2b) and the labeled protein polypeptides (3a, 3b) may be 
directly bonded to each other, oz- may be bonded via any other 
polypeptide such as linker sequence. 

The intein may be derived from various known organisms . 
It includes, for example, chose derived from eucaryotes such 
as ^accharojnyces cere vi si a e (yeast) SceVMA, Candida tropial lis 
{Candida fungi) Ctr VMA; those derived from eubacterla such as 
Mycbbac Cerium tuberculosis (tubercle bacillus) Mtu recA; and 
those derived from paleobacteria such as ThczTnoplaama 
asidophilum'TaLC VHA . In addition, Cyanohact^jrium synochocyotis 
ap, (cyanobacteriuro) DnaE may also serve as the intein for use 

in the invention. 

I 

When protein A (4a) interacts with protein B (4b) in the 
presence of the probes for protein-protein Interaction analysis 
(la, lb) of Che present invention, the inteins are preferably 
site-specific endonucleases for facilitating automatic intein 
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excision. 

Specifically « intein derived from yeast VMA and Sap DnaE 
intein deriv^ed froxn cyanobaccerium are preferable. In yeast 
VmA, the nascent translation product^ 120-KDa VMAl, catalyzes 
protein splicing to give a 70-KDa H**ATPa8e sub-unit and a 50-lcDa 
site-specific endonuclease <VDE, or Pl-Scel) . This VDE is 
preferably used as the intein sites (2a, 2b) in the probes for 
protein^protein interaction analysis (la, lb) . For the Ssp DnaE 
derived from cyanobacterium, the DMA sequence of the strain 
PCC6803 has been determined (the N-terminal has 123 amino acid 
residues and the C- terminal has 36 amino acid residues) ; further, 
Ssp DnaE intein is a natural split intein, and is known that 
the ligation of M- and C-extein occurs (Wu, H., Hu, z., Liu, 
X. -Q., Pz-oc. N&tl, Acad. Scl. USA 1998, 95, 9226-9231)- 
Therefore Ssp DnaE intein is easy to handle, and preferred as 
the intein sites (2a, 2b) in the present probes for 
protein-protein interaction analysis (la, lb) . 

Of the vaz-ious inteins mentioned above, the 
cyanobacterium-deriived Ssp DnaE intein is most preferable for 
enabling highly sensitive detection of protein-protein 
interactions in mammal cells. It is needless to say, that any 
other known or novel inteins may alsobe employed in the invention- 
For effective intein splicing (III) with the probes for 
protein-protein interaction analysis (la, lb) of the present 
invention, probes la and lb must be correctly folded so that 
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th^ two sites par(;icipaclng In protein splicing az-e adjacent 
to each other and are correctly aligned (Duan« X., Qimble, F. 



s. 

as 



and Quiocho, F. A.. Cell 1997, B9, 555-564). Accordingly^ 
the inteins, those derived from organisns may directly be 



us^d or may be suitably modified for facilitating the intended 

iniein splicing by, for example, partly substituting the amino 

I 

acid residues of the organisms -derived intein with any other 
residue* partly deleting amino acid residues, or introducing 
a suitable linker seQuence thereinto. 

For example, for the above-mentioned VDE, it is known that 
iti mutant specif ically designed by deletion of the endonuclease 
domain and substitution with a foldable dodecapeptide linker 
shows an increased splicing activity (Cooper, A. A., Chen. Y. 
a. , liindorf er, M. A. , Stevens, T. H. , EMBOJ-, 1993, 12* 2575-2583; 
Chong, S., Xu, M. -Q- , J", fllol. Chem, 1997, 272, 15587-15590). 
On the other hand, the cyenobacterium-derived Ssp DnaB is a 
natural split intein, as mentioned above, and is known to lead 
to porrectly folded splicing. Therefore, linker secjuence may 
or may not be introduced into it. 

As described hereinabove, the intein is split into the 
N- terminal polypeptide (2a) and the terminal polypeptide (2b) . 
In the probes (la, lb) for protein-protein interaction analysis 
of the present invention, the split polypeptides (2a, 2b) are 

bonjaed to the M-terminal polypeptide (3a) of a labeled protein 

I 

and the C- terminal polypeptide (3b) thereof, respectively, to 
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On the otlier hand, for the probes for protein -protein 
int^eraction analysis (la« lb) of the present invention^ the 
Xal^eled protein sites to be used undergo direct peptide bondincr 
and link to each other (IV) through the interaction of proteins 
A an B (ID / followed by the intein splicing from probes a and 
b (la, lb) (IXX) . The labeled protein (3) may be any protein 
that can be detected after protein linkage (IV) . For example, 
fl\|orescent protelin and emission-catalyzing enzyme are 
preferable. As a fluorescent protein, green fluorescent 
protein (OFP) , which emits light after protein linkage, enabling 
visual detection, is preferable. For the emission- catalyzing 
enzyme, luciferase that forms an activity center after protein 
linkage and emits light that is easily detected is preferred. 
For the split N- and C- terminals of the luciferase to give no 
fluorescence when separated and restore its emission activity 
af tier its two terminals are recombined, the luciferase must be 
split so that its activity center is divided into two. It is 
knoum that the enzyme luciferase is folded into two domains that 
sandwich a broad activity center- containing region 
therebetween ; one is a large N- terminal domain comprising one 
^-barrel and two ^-sheets and the other is a C-terminal site 
(Waud, J- P., Sala-Newby, G. B. , Matthews, S- B., Campbell, A. 
K., Blochim. Blophya. Acta 1996, 1292, 89-98; Conti, E. Franks, 
N, P.. Brick, P., Structure 1996, 4, 287-298). Accordingly, 
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it is deairalsle clikt the enzyme luciferase is split into two, 
3a and 3b, at the flexible aide through which the two domains 
are linked to each other. For the enzyme luciCerase^ it is 
further known that its N-terminal polypeptide Oa) , to which 
the N-terminal polypeptide o£ the intein <2a) is to be bonded, 
has a cysteine (Cys) residue and further has a tyrosine (Tyr) 
residue -1 upstream to it and alanine (Ala) and phenylalanine 
(Phe) residues -3 end -4 upstream to it, respectively; therefore, 
the enzyme luciferase enables more efficient protein splicing. 
Heijce, for using th^ enzyme luciferase in the present invention, 
it is recommended that the enzyme be mutated into mutants R437C 
for which Che 437 th arginine is substituted with cysteine, D436y 
for which the 43€th aspartic residue is substituted with tyrosine, 
and X434A for which the 434th isoleucine residue is substituted 
with alanine, to enable a more efficient protein splicing. 

As mentioned hereinabove, the invention of this 
aprilieation provides the probe for protein-protein interaction 
analysis. Concretely, one probe (e.g., probe a) is linked to 
th^ target protein (proteinA) of which the ability of interaction 
with another protein (protein B) is to be confirmed, while another 
probe (probe b) is linked to the other protein (protein B) ; and 
the two probes are made to coexist in a system to thereby confirm 

the presence or absence of interaction between proteins A and 

! 

B bjy the above -meajtioned principle and mechanism. 

The proteins (4a, 4b) may be linked with the probes (la. 
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lb) by any mechod as long as the properties of the proteins and 
the probes are not affected. For example, any ordinary chemical, 
biochemical or genetic engineering strategies are applicable. 

The method of using the probe for protein-protein 
int:eraction analysis of the invention for detecting and analyzing 
prptein-protein interactions (e.g., through luminometry) is not 
limited, and may be done by any ordinary means. Experimental 
methods and detectors generally used in the field of chemistry 
and biochemistry may be employed. For example, a luminometer, 
which enable simple detection and analysis is preferable. 

I Embodiments of the Invention are described in more detail 
in the following Exajmples with reference to the drawings attached 
hereto. It is needless to say, that the invention is not limited 
to these Examples, and various changes and modifications may 
be made without limitation. 



EXAMPLES 

Example 1: Construction of Probe <1> for protein-protein 



IntJ 



erection analysi 



is 



AG the intein site of probe <1> for protein-protein 
intjeraction analysis, a yeast VMAl -derived Intein (VDE) was used. 

Of the 454 amino acids constituting VDE, Cysl is the first 
amijno acid residue and Asn454 is the last amino acid residue. 
For VDE, the C-extein starts from Cy84S5, and the exteln residue 
adjacent to Cysl is numbered -1 . The subsequent exteln residues 
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ar^ numbered -2, -3, . - .conoecutivoly Coward the N-extoin. 

For the labeled si te , an Enhanced Green Fluorescent Protein 
derived from Aeauoea victoria <EGFP, described, for example, 
in Current Biology 1996, 6 (2), 178-182) was used. 

In probe ^^^| splicing site, the H- terminal half 

of BGFP requires one Cys residue, another Gly residue upstream 
of the position of -jl, and three hydrophobic amino acid residues 
at their positions of -5, -4 and -3- 

Accordingly . the I124th to Z129th amino acid residues that 
are relatively stable in the terminal polypeptide structure 
of EGFP were substituted as follows (Fig. 2) . 

(1) I129C and S125X mutation in BGFP showed fluorescence, 
and excitation and emission peaks equivalent to those of EGFP 
at 4 88 nm and 510 nm were observed. 

(2) Fluorescence disappeared with L.126Y mutation at ml2S, 
although the expression level of the mutant did not vary. 

The results indicate that L12«y mutation disables correct 
folding in the ml2 9EGPP mutant and/or ligation of the fluorescent 



pre 



^tein sites could not take place. 

Accordingly, ml25EOFP mutant for which 1129C and E125I 
mutation was performed was used as the labeled protein site of 
th« probe. Thia libeled protein site is hereinafter referred 
to as an E6PP mutant. 
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Exa miple 2: Coaf irnjation of Splicing In single polypepcide 



To confirm whether protein splicing occurs in a single 
polypeptide in which VDE is sandwiched between the N- terminal 
and the C- terminal halves of the EOFP mutant, pGEX-NVC was 
expressed at 25''C in B. coli . 

(1) Cells of E. coli DH5a were incubated to express a 
gl\jtathion S- transferase fused protein (GST) . A plasmid that 
coders the VDE region and the »- and C- terminal polypeptides 
of the EGFP mutant was fused to the GST gene under control or 
a tac promoter. This produced a chimera protein consisting of 
GST (26 JcDa) , 125 residues from the terminal of the EOFP mutant 
(13 JcDa), VDE (50 kDa) and the c-terminal polypeptide of the 
mutant (14 KDa) . 

(2) The resulting protein was extracted from the B* coli 
cells, purified an^ identified through SDS-PAGE. The labeled 
protein and 10 to 225 -JcDa (Novagen) were electrophoresed on 12 
to 1 15 % SDS-PAGE ^el. The gel was visualized by Coomassie 
Brilliant Blue staining. 

For Western blotting, anti-VDE polyclonal antibody, 
antji -His - labeled polyclonal antibody (Santa Crus 
Biotechnology) or ant i-GFP monoclonal antibody (BioRad) was used 
as jthe probe. 

The enzymes necessary for cloning were all obtained from 
TaJcara Biomedical, and processed according to themanuf acturer • s 
instructions . 
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The pen fragments were seQuenced using a genetic analyzer, 

ABljaiO. 

The main component of the crude product was a protein of 
abcut 50-kDa (Fig. 3b) • This result corresponds with the size 
of the extein linked to VDE (50 kDa) and GST. In other words, 
this component was determined to be a fused protein of GST and 
the N- terminal polypeptide of the EOPP mutant (26 kDa ♦ 13 kDa) . 

From thia result, it was found that the l03-kDa precursor 
of the fused protein was split into the 50-kDa VDE and the 53-kDa 
GST-EGPP mutant fused protein. 

in addition, the molecular weight of VDE and that of the 
GST-EGFP mutant fused protein were measured through Western 
blotting. 

The anti-voe and anti-GFP antibodiee specifically reacted 
with the excised 50-kDa intein (Fig. 3d) and the 53-kDa GST-EGFP 
mutant fused protein (Fig. 3e) . respectively. All components 
of kbout 100 kDa of the unopliced precursor were analyzed using 
these antibodies. 

The GST- EOPP mutant fused protein was further identified 
by GST-affinity chromatography. The crude extract was passed 
through an affinity column, and the proteins bound to the resin 
wexe extracted usi^g PreScission protease and then subjected 
to J5DS-PAGE (Fig. 3c) . This gave a 25 -kDa band, which was almost 
th€ same as the mojlecular weight of the EGFP mutant. 

(3) Next, the affinity column -purified protein was 



19 



RECEIVED TIMEMAR. 25. 5:12AM 



FROM SW^fl 



2002^ 3fl25B (^) ihwmmm3^imfiU:& 



aut jected to fluore 



ascent apectrometry, for which the excitation 
anc emiseion peaks appeared at 488 nm and 510 nm, respectiviely . 
Th€ data well corJesponded to those of SGFP. 

The above results indicated that the VDE in the center 
the single polypeptide was excised by splicing « causing 
ligation of the N- aiid C- terminal polypeptides of the EGPP mutant 
by peptide bonding, resulting in the correct folding of EGFP 
mutlant to form a filuorophore. 



of 



Example 3: Effect o 



f Probe <1> for protein-protein interaction 



analysis 

(1) Cells ofi JB, coll Bii2HDE3)pLysS were incubated to 
produce a recombinant fused protein labeled with His at its 
terminal. 

in order to test Protein-protein interaction, GST of 
pGBX-NVC was substituted with Hie-label of a pET16-b vector, 
its splicing functional site was split to obtain 

NVCASD(/) . 

The splitting was realized by substituting the 

nonfunctional endonuclease motif that exists in the 185th to 

38*th amino acid region of the mutant with a cassette of 

i ' 
( (translation termination codon) - ( Shine -Dalgarno sequence) - 

(translation initiLtion codon))- 

The resulting plasmidpET-NVCASD(/) was a two-gene operon 

eeJentially composed of gene 1 that encodes the N- terminal 
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poiypepcide of EGFll and VDE (N-EGFP-VDB> and gone 2 that encodes 
th# C- terminal polJypeptide of VDE and BGPP (C-VDE-EGPP) - 

For the and terminal polypeptides of VDE to be near 
each other In space during protein-protein interaction, a 
f o] dable peptide linker having repetitive Gly-Aan ae<zuences was 
introduced between the translation termination codon and the 
translation initiajtion codon (pet-NVCASD linker (/) ) . 

in order to 'confirm whether specific protein-protein 
interaction that fjacilicates the splicing to give EGFP in E. 
coll occurs, calmodulin (caM> and its target peptide Ml3 were 
selected as model jproteins. 

The structur^ of CaM and that of M13 have been clarified 
through NMR (Ikura, M,, et al., science 1992. 256. 632-638); 

theref ore. CaM and M13 are suitable because the distance between 

I 

any amino acid in 'caM and any amino acid in M13 is known. 

(2) Tli« recombinant pla0inidspET-NVCASD(C/M) , pET-MVCASD 
link«r (C/M) and pET-HVCASD linker (/) were introduced into the 
ceils ot S. Goli to obtain the corresponding fused protein. 

For intracellular splicing, the protein expression was 
effected at 25"'C for 12 hours; the cells were stored at 4«C for 
1 or 2 days . , 

Gene 1 protein expression was confirmed by an anti-His 
labeled antibody (Fig. 5X) . The major components analyzed by 
ch*i antibody were proteins of 55 kDa (Fig. 5A a. d) . and their 
eiie is on the same level as that of the unspliced n-BGFP-vde 
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praeurser OS kDa) with CMA (17 kDa) or its linker (1 kD«) . 

Aa the contr|)l, a lysate of E. coli having a pET-NVCASD 
linkor (/) plasiBid4a9 subjected to SOe-PAGB, which gave a single 
baijd for M-BOPP-VI^ (Pig. SA, f) . 

The expression level of the unspliced precursor proteins 

I 

obtained from thesje three plasmids was almost the same. 

On the other h|and. the gene 2 protein product was identified 

by an antl-OPP monjoclonal antibody, and was found to be the 

i 

C- terminal polypepjtide of EQFP. 

in addition, in the cell that expressed pBT-NVCASO (C/M) 
and pET-NVCASD linker (C/M) . the size of the expression protein 
obtained from the gene operon well corresponded with chat of 
the precursor protein of N-VDB-E6PP (20 kDa) with M13 (3 kDa) 
(Pig. 5B. a) or the linker -containing Ml 3 (4 kDa) (Pig. SB. d) . 
Similarly, the control plasmid expressed the expected protein 
(Pig. SB. f ) . The expression levels of all three proteins 
obtained from operon 11 were the sane. 

Pig. 6 shows ^he fluorescent spectra of lysates of S. coll 
celjls each carryini one of the above-mentioned plasmids. Por 
cells of E. coli carrying pBT-NVCASD linker (/) no spectral 



the 



chJnge was observed. Prom the cells of B. coli carrying 
pET-MVCASD(C/M) anji having co-expressed CaM and M13, a slight 
change in fluorescence emission at 510 nm was observed. On the 
other hand, from Cl|e cells of B. coli carrying M-EGPP-VDB and 
C-VDE-EGFP with a peptide linker therebetween and having 
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CO-' 



expressed CaM 



linker (/) or the 
pEoi-NVCASD linker 



and M13, a signlficani: change In the 
fluorescence emi88;Lon was observed at 510 rnn. The fluorescence 
intjenalty of the cirude product from the cells of E. coll that 
carries pET-NVCASD linker (C/M) was enough todifferentiate those 
cells from the cell^ that carry the control plasmid, pET-HVCASO 

plasmid not encoding the foldable linker 
(C/M) . 

These results indicate that the CaM-M13 interaction 
resulted in in-trajas splicing, thereby inducing the ligation 
of the two external regions of N- and c-terroinal polypeptides 
of the EGFP mutant to form the EGPP fluorophore. 



Example 4: Effect] of Linker in Probe for protein-pro t e in 

! 

Inceraction analyaiie <1> 

i For protein iepliclng, ic is necessary that the H- and 
C-Jerminal8 of VdJ be correctly folded. Correct folding is 
at dained only when tjhe C- terminal H-VOE is close to the N- terminal 

C-VDE. ! 

Regarding Call and M13 , the distance between the N- terminal 
of CaM and the C- terminal of M13 is 50 A (from Brookhaven Protein 
Ls list 



Data Bank) . Thii 



itance is too large for N-vdb to be close 



to =-VDE, and the llrge distance was expected to interfere with 
the correct foldinir of the N- and C- terminals of VOE in E. coli 
carrying the plasnid pET-NVCASD linker (C/M). 

However, the plasmid pET-NVCASD linker (C/M) actually 
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Increased the f luoiireacence intensity at 510 nm significantly. 

j 

Thds result confirms that the 10- and 9-ainino acid linkers each 

linked to the N- and C-VDBa enabled the necessary foldability 

I 

of ^rDB and realized ^ood conformation for effective VDE splicing . 
Example S : Construe :iQn of Probe for protein-protein interaction 



analysis <2> 



This experinent was performed to demonstrate the 
coils true t ion of a plaomid in a host. S. coli DH5a. 

AS the inteijn site for a probe <2>, DnaE derived from 
cyanobacterium, synechocystis sp. PCC6803 was chosen. As the 
labeled protein for| the probe, a wild firef ly-derived lucif erase 
(Lum-P) (pLucAll) was split between the 437th amino acid and 
the 438th amino adid into N- terminal (pLucN) and c- terminal 
(pI^ucC) segments. 

Fig - 7 shows the structure of the lucif erase and lucif erase 

segjments . 

(1) Splitting of tlucif erase: 

i 

First, the abjsence of enzymatic activity inpLucN andpLucC 
wad confirmed by tfansitionally expressing the two luciferase 



sec men ts in human 



insulin receptor -overexpres sing Chinese 
hanister ovarian cejlls (CHO-HIR) - 

Concretely, the CMO-HIR cells were transfected with 1 \xg 
of leach plasmid (pliucAll, pLucN, and pLucC) or with 0.01 \xg of 
a dontrol plasmid '(pRL-TK) , and incubated in a 12 -well plate 
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45 hours. Aft^r Incubation* the emlaalon o£ the cells in 
each well was measlured using a luminometer . 

As a blank cojitrol^ the CHO-HXR cells with no plasmld were 
incubated under tke same condition. 

The tranaf ect^ion efficiency error in each well of the plate 

was corrected through dual -lucif erase assay using a 

i 

AeiiilJta*dQz-ivod lUciferase (lum-R) « 

Fig. 8 shows t;he relative emission intensity (RI^U) of each 
lucif erase (or eacjh lucif erase segment). 

tho CHO-HlR cells with the wild firefly 
expressed was 11.4 (Fig, 8a); however, the 
RiiU of the CHO-HlRj cells with only LucN or LucC expressed waa 
2-2 « 10 * and 4,5 10"', respectively (Pig- 8b). The RLU 



The RLU of 
luOiferase (LucAll 



(background) of the 



CHO-HIR cells transf ected with liUm-R itself 



wa^ 2.2 ^ 10 *. This result Indicates that IiUcN or LucC alone 
shclws no emission activity. 
(2)| Splitting of OnaE: 

As mentioned above, SynechocyatlB ap. PCC6 803 -derived 



Dnis was split into an N- terminal segment of 123 amino acid 
residues and a C- terminal segment of 3 6 amino acid residues. 
(3) probe <2>: j 

The N- terminal segment of DnaE in (2) was ligated with 
LucN in (1) while thic- terminal segment of DnaE in (2) was ligated 
witlhLucCin (1) . T^iese segments were inserted into a bicistronic 



expiression vector. 



pXRES (Invitrogen) at the roulticloning site 
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(MC S) t:o construct pXRES-DSL. The resulting plasmid pIRES -DSL 

haci two MCSB at thf 3 '•terminal of tlie N-tenninal DnaB and at 

thci 5' -terminal of the C-terminal DnaB (MCS-A and mcs-b, 

refi pectively) , to i#hich proteins or protein domains which may 

interact with eachi other or which are to be tested for thoir 

^ i 
interactivity are |introduced. 

Fig, 7 showsj the structure of piRES-DSt.. 



Example 6; Effect of Probe <2> for proteln-protein interaction 

analysis 1 ^ 

(1) This experiment was performed to confirm whether probe 
<2^ constructed in Ejxainple 5 is effective for lucif erase splicing, 
using an oligopeptide (Y941) that contains the 94l8t tyrosine 
residue of IRS-1 (wl^ich is known to participate in Insulin signal 
transduction) and its target protein, phosphatidyllnosltol 
B-kinase-derived Sh2M domain (White. F. , DimhBCOlosr^B 1997, 
40, S2-S17) . I 

A plasmid pxkES-DSL (Y/S) with Y941 inserted into MCS-A 

and a pRL-TK vector were transiently 
co^xpressed in CHq-HIR cells. 

Fig- 7 shows, the structure of the piRES-DSL (Y/S) - 

i 

First, in a 6 -well plate, CHO-HIR cells were transfected 
witih 2 of the plaimid pIRES-DSL (Y/S) or 0.02 ng of the control 
plBsmidpRI/-TK. Tie cells were incubated for 45 hours, and then 
thd culture was suootituted with an FBS-free solution of 1-0 



anc SH2EI into MCS 



I 
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X lb'*' M human InsuiLln; the CHO-HZR cells were excited through 
indubation (at 37**C) for 72 hours « 3 hours or 5 minutes. The 

cells incubated fOjr 5 minutes were further incubated for 175 

I 
I 

mliiutes in an FCS^free culture with no insulin therein. 

' Fi^. 9 shows ithe relative emission Intensity, RI#U, of the 
indulin^excited c4lla. 

The corrected luclferaee activity of the CHO-HIR cells 
excited with insulin for 72 hours, 3 hours and 5 minutes were 
l.(|, 0-73, and oJl8, respectively. The relative emission 

intensity iagainsc^ background) of the cells incubated in the 

j 

insulin- free culture was 0-15, and this is nearly the same as 
thelt of the cells excited with insulin for 5 minutes - 

in addition, it is understood that the relative emission 
intensity, RI-U of the cells excited with insulin for 3 hours 
or longer is more than 4 times that of the background • The kinase 
activity of the cejls tested herein results from the specific 
Interaction betweeh the peptide Y941 (the 941 amino acid of which 
is tyrosine) phospl:orylated with an insulin receptor, andSH2II. 
ThJ s enabled the ef ricient in-trans folding and splicing of DnaE 
in Iprobe <2>, thereby causing the ligation of LucM and LucC to 
realize lucif erase emission reproduction. 

Next, an Y941 mutant (wherein the tyrosine residue inY941 



wae 



substituted iwith an alanine residue that is not 



L 

.th 



phc sphorylated with the insulin receptor) was constructed, and 
tested in the samel manner as described above « 
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The results are shown In Fig. 10. 
The corrected luciferase emission of the Y941 
mutiant- expressing iCHO-HIR cells was on the same level as that 

of the backgrounJ data. This confirms that the tyrosine 

I 

phc sphorylation in}Y941 led to the protein^protein interaction 
between Y941 and SH2K. 



Example 7: Effect of Probe <2> 2 



I 

Probe <2> cjonstructed in Example 5 was tested for 
quantitative analysis of insulin- induced protein-protein 
interaction in CHcj^HIR cells. 

First the insulin concentration dependence of the RI*U was 
confirmed by the following procedure: pIRES-DSL (Y/S) and 
pRii-TK were coexpr^seed in the CHO-HIR cells in the same manner 
as above, and the cells were then excited with insulin of various 

bLeen 1,0 ^ 10^^* and 1-0 " 10"^ M, at 37^C for 



concentrations beti 



3 Hours* 

Pig. 11 shows the rlu of the cells. 

The results indicate that the emission intensity of the 
cellls increases wljth insulin concentration. 

i 

INliuSTRIAL APPLICaIbILITY 

AS described in detail hereinabove, clie present invention 
pre vides a probe for protein-protein interaction analysis that 
enables accurate .and simple analysis of protein-protein 
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Int eractlona . The 



Tlie present 



Invention also provides a metliod for the 



an4lyeie of protein-protein interactions using the probe. 



method for analysis of protein-protein 



interactions does not recxuire any reporter gene or substrate 
as in conventional methods, and enables simple and accurate 
analysis of protein-protein interactions. The method and the 
pr4be are applicable even to mammal cells for high- sensitivity 
ancllysis of proteijn-protein interactions in the cells. 

Accordingly,! the probe for protein-protein interaction 
analysis of the present invention enables analysis of the 
mechanisms of protein-protein interactions in various organisms 

such as protein-ptotein interactions in cell membranes and 

1 

receptor activacioii by hormones in cells, in a simplified manner 
that requires littile time . 
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